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[57] ABSTRACT 

A fault-tolerant computational system having a voter 
circuit which receives inputs from several computa 
tional devices and produces an output agreement 
with a majority of the inputs. Also included is a clock 
circuit for synchronizing the output of data from the 
computational devices so that the input to the voter 
circuit is synchronized. The system may be adapted for 
fault detection by comparing the output of the voter 
circuit to the outputs of each of the computational chan 
nels. 

8 Claims, 7 Drawing Figures 
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FAULT TOLERANT COMPUTATIONAL SYSTEM 
AND VOTER CIRCUIT 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The invention relates generally to circuits to be used 

in fault tolerant computing and more particularly to a 
voting circuit whereby multiple computational chan 
nels are polled to provide a highly reliable output. 

2. Description of the Prior Art 
A computer will behave in a speci?ed manner as long 

as the parameters of physical components and the speed 
of operation remain within speci?ed limits. However, it 
has been a common experience that unexpected abnor 
mal physical changes in component parameters do 
occur in all kinds of computers. They are usually called 
malfunctions when the changes are temporary, and 
failures when the changes are permanent. Their effect is 
to cause an unspeci?ed and disruptive change in one or 
more logic variables of the computer. Such a change is 
called a physical fault, or simply a fault when the physi 
‘cal nature of the fault is clear. Non-physical faults are 
referred to as “man-made" faults. 
The possibility of randomly occuring faults makes the 

user uncomfortably aware of the physical side of his 
computer. A fault in a computer on-board' a planetary 
spacecraft can mean loss of a mission. In commercial 

. jets computers are used for functions such as navigation, 
stability augmentation, ?ight control and system moni 
toring. While performance of these functions by a com 
puter' is not critical, a fault may require signi?cant dis 
ruption such as a change in destination. The usual solu 
tion to the problem of a failure is to manually remove 
and repair the cause of the fault. 
The purpose of fault-tolerance is to offer an alternate 

solution to the fault problem in' which the detection of 
faults and the recovery to normal operation are carried 
out as internal functions of the system itself. A number 
of articles dealing with various aspects of fault-tolerant 
digital systems appear in Proceedings of the IEEE, Vol 
ume 66, Number 10, October 1978‘. 

In the prior art the principles of fault-tolerance have 
been limited in application to the internal functions of 
the system itself. However, peripheral devices them 
selves may experience faults which can render the en 
tire system inoperable regardless of the computers fault 
tolerant features. Most computer systems use external 
memory storage such as ?oppy disks for storing the 
operating system program, the compiler and other sys 
tem programs. Without reliable transfer to and from 
external devices the overall system will be incapable of 
fault-tolerant operation. 

SUMMARY OF THE PRESENT INVENTION 

It is therefore an object of the present invention to 
provide circuitry that will assure fault-tolerance in the 
transfer of data to and from external devices. 

It is a further object to provide fault-tolerant cir 
cuitry that will mask failures of one or more computa 
tional channels. 

It is a further object to provide fault-tolerant cir 
cuitry that will function correctly in the event of the 
failure to any component in the circuit. 

It is a further object to provide a clock system which 
will provide highly reliable synchronization between 
multiple computational channels. 
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2 
It is a further object to provide a system for detecting 

the failure of a computational channel. 
Brie?y, the present invention includes a voter circuit 

which receives inputs from computational devices and 
generates an output in agreement with at least two of 
the inputs. The present invention also includes a fault 
tolerant clock circuit which synchronizes the computa 
tional devices feeding data to the voter circuit. The 
voter circuit of the present invention may also be 
adapted to form a failure detecting circuit whereby the 
occurrence of a fault in one of the computational chan 
nels may be detected. 7 

An advantage of the fault tolerant circuit of the pres 
ent invention is that output data to peripheral devices 
will be more reliable. ' 

Another advantage of the fault tolerant circuitry is 
that failures of a computational channel will be masked. 
A further advantage of the fault tolerant circuitry is 

that the circuitry will function correctly despite the 
failure of a component of the circuitry. 
A further advantage is that a clock system is provided 

for synchronization between different peripheral de 
vices. 
A further advantage is that failures of a computa 

tional channel will be detected. 7 
These and other objects and advantages of the pres 

ent invention will no doubt become obvious to those of 
ordinary skill in the art after having read the following 
detailed description of the preferred embodiment which 
is illustrated in the various drawing ?gures. 

'IN THE DRAWING 

FIG. 1 is a block diagram illustrating a fault-tolerant 
computational system in accordance with the present 
invention; - 

FIG. 2 is a circuit diagram illustrating the voter cir 
cuit of FIG. 1; 
FIG. 3 is a chart illustrating the input and output 

conditions of the voter circuit of FIG. 2; 
FIG. 4 is a block diagram illustrating the clock circuit 

network of FIG. 1; I . 

FIG. 5 is a time chart illustrating various input and 
output signals of the clock circuit network of FIG. 4; 
and 
FIG. 6 is a block diagram illustrating an adaptation of 

the voter circuit of FIG. 2 in a fault detection circuit; 
and 
FIG. 7 is an alternate embodiment of a voter circuit in 

accordance with the present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

FIG. 1 illustrates a fault-tolerant computational sys 
tem in accordance with the present invention and re 
ferred to by the general reference numeral 10. The 
computational system 10 includes a “computational 
device A” 12, a “computational device B” 13, and a 
“computational device C” 14. The devices 12, 13 and 14 
each have a “DATA” output 15, 16 and 17, respec 
tively, and a “CLOCK” output 18, 19 and 20, respec 
tively. In operation, the computational devices 12, 13 
and 14 may be in the form of a microprocessor. The 
DATA output of the computational device A 12 is 
connected to a voter circuit 21. The DATA output of 
the computational device B 13 is connected to the voter 
circuit 21 and the DATA output of the computational 
device C 14 is also connected to the voter circuit 21. 
The voter circuit 21 has an output labeled DATA 
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OUTPUT. The “CLOCK” output of each of the com 
putational devices 12, 13 and 14 is connected to a clock 
circuit 22. The clock circuit 22 has an output 23 labeled 
SYNC which is fed back to the input of each of the 
computational devices 12, 13 and 14. 
FIG. 2 is a circuit diagram of the voter circuit 21 of 

the present invention. The voter circuit 21 has inputs 
from the computational devices 12, 13, and 14. The 
input from the computational device A at terminal 15 is 
connected through a resistive element 24 to an elec 
tronic control valve 25 illustrated in the form of an 
NPN transistor. The resistive element 24 is connected 
to the base of the transistor 25, the collector is con 
nected to a positive voltage source V+ and the emitter 
is connected to an electronic control valve 28 illustrated 
in the form of an NPN transistor. The emitter of the 
transistor 25 is connected to the collector of the transis 
tor 28. The transistor 28 is connected to terminal 16 to 
receive an input from the computational device B 
through a resistive element 30. The emitter of the tran 
sistor 28 is tied to an output terminal 32. 
The input to the voter circuit 21 from the computa 

tional device B is also received through a resistive ele 
ment 34 to an electronic control valve 36 illustrated in 
the form of an NPN transistor. The resistive element 34 
is connected to the base of the transistor 36. The collec 

25 

tor of the transistor 36 is connected to a positive voltage " 
source V+. The emitter of the transistor 36 is con 
nected to an electronic control valve 40 illustrated-in 
the form of an NPN transistor. The collector of the 
transistor 40 is connected to the emitter of the transistor 
36. The input to the voter circuit 21 from the computa 
tional device C is connected through a resistive element 
42 to the base of the transistor 40. The emitter of the 
transistor 40 is tied to the output terminal 32. 
The input to the voter circuit 21 from the computa 

tional device C is connected through a resistive element 
44 to an electronic control valve 46 illustrated in the 
form of an NPN transistor. The resistive element 44 is 
tied to the base of the transistor 46. The collector of the 
transistor 46 is connected to a positive voltage source 
V+. The emitter of the transistor 46 is connected to an 
electronic control valve 50 illustrated in the form of an 
NPN transistor. The collector of the transistor 50 is 
connected to the emitter of the transistor 46. The input 
from the computational device A is connected through 
a resistive element 52 to the base of the transistor 50. 
The emitter of the transistor 50 is connected to the 
output terminal 32. Each of the transistor pairs 25 and 
28, 36 and 40, and 46 and 50 is referred to as a limb of 
the voter circuit 21. 
The voter circuit 21 further includes a resistive net 

work 54. The resistive network 54 includes an input 
terminal 56 connected to the output terminal 32 of the 
voter circuit 21. The input terminal 56 is connected 
through a resistive element 58 in series with a resistive 
element 60 to an output terminal 62 of the resistive 
network 54. The input terminal 56 is also connected 
through a resistive element 64 in series with a resistive 
element 66 to the output terminal 62. Each of the resis 
tive elements 24, 30, 34, 42, 44 and 52 should have a 
resistive value approximately twenty times the overall 
resistive value of the resistive network 54. 
The operation of the voter circuit 21 is believed to be 

as follows. “DATA” inputs to the voter circuit 21 will 
be a ?xed voltage, e.g. ?ve volts indicating a logical “l” 
or zero volts indicating a logical “0”. When all the 
DATA inputs at terminals 15, 16 and 17 are ?ve volts, 
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4 
all of the transistors 25, 28, 36, 40, 46 and 50 in the voter 
circuit 21 will be on. When the transistor 25 is on, cur 
rent will flow through the transistor 25 to the transistor 
28. The transistor 28 will have a “DATA” input from 
terminal 16 of device B of ?ve volts which will cause 
the transistor 28 to be on and thus the current will ?ow _ » 
through the transistor 28. The output current from the 
transistor 28 will then ?ow through the resistive net 
work 54 to the ground reference. Likewise, when the 
inputs to the transistors 36 and 40 are ?ve volts, current 
will flow from the positive voltage source V+ through 
the transistors 36 and 40 and through the resistive net 
work 54 to the ground reference. Current will also flow 
through the transistors 46 and 50 and then through the 
resistive’ network 54 to the ground reference. When 
current is ?owing through the resistive network 54 the 
output voltage at the output terminal 32 will be close to 
five volts, indicating a logical “1”. 

When the inputs from the computational channels are 
zero volts all the transistors 25, 28, 36, 40, 46 and 50 of 
the voter circuit 21 will be off. When the transistor 25 is 
off, no current will flow through it and thus no current 
will flow through the transistor 28 or the resistive net 
work 54. Likewise, no current will ?ow through the 
transistor 36 to the transistor 40 and then to the resistive 
network 54. Also, there will be no current ?ow through 
the transistors 46 and 50. Since no current flows 
through the resistive network 54, the voltage at. the 
output terminal 32 will be close to zero volts. 
A fault in the “computational device A” might cause 

its output to be zero volts when the correct output 
should be ?ve volts. However, the computational de 
vices B and C would have outputs of five volts. Where 
the DATA input to the voter circuit 21 is zero volts 
from device A and ?ve volts for devices B and C, the 
transistors 25 and 50 which receive inputs from terminal 
15 will be off. The transistor 28 which receives an input 
from channel B will be on. However, since transistor 25 
is off, no current will flow through transistor 28. Tran 
sistor 36 which receives an input from terminal 16 of 
device B and transistor 40 which receives an input from 
terminal 17 of device C will both be on; thus current 
will flow through the transistors 36 and 40 and then 
flow through the resistive network 54. The transistor 50 
which receives an input from terminal 15 of device A 
will be off; thus no current will flow through the tran 
sistors 46 and 50. The output voltage appearing at the 
output terminal 32 will be close to ?ve volts since cur 
rent flows through the transistors 36 and 40. Thus, a 
fault in device A does not change the output of the 
voter circuit 21. 
A fault in the “computational device A” may cause 

its output to be five volts instead of zero volts. An incor 
rect input of ?ve volts to the voter circuit 21 from 
device A will cause the transistor 25 to be on. However, 
the input from terminal 16 of device B received by the 
transistor 28 will be close to zero volts. Thus, the tran 
sistor 28 will be off and no current will ?ow through the 
transistor 28 and then through the resistive network 54. 
The transistors 36 and 40 which receive inputs from 
devices B and C, respectively, will both be off. There 
fore, no current will flow through the transistors 36 and 
40 and then through the resistive network 54. The tran 
sistor 50 which receives an input from device A will be 
on. However, the transistor 46 which receives an input 
from device C will be off. Therefore, no current will 
flow through the transistors 46 and 50 and then through 
the resistive network 54. Since no current flows 
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through the resistive network 54 the output voltage at 
the output terminal 32 will be close to zero volts..Again, 
the incorrect input at terminal 15 of device A does not 
cause an incorrect output from the voter circuit 21. 
FIG. 3 is a chart illustrating the fault situations of the 

voter circuit 21. Each row of the chart contains the 
channel inputs from the device A, B and C and the 
output which results therefrom. 
A failure could also occur in' the components of the » 

voter circuit 21 resulting from a transistor turning on 
when it should be off, a transistor turning off when it 
should be on or one of the resistors 58, 60, 64 or 66 
becoming of a higher or lower resistance. If the transis 
tor 25 turns on when it should be off current will not 
flow through the transistor 28 when the input from 
channel B is zero volts but will ?ow through the transis 
tor 28 when the input from device B is ?ve volts. Thus, 
the transistor 25 being on when it should be off will not 
effect the operation'of the voter circuit 21. If the transis 
tor 25 is off when it should be on, current will not ?ow 
through the transistor 28 whether the input from device 
B is ?ve volts or zero volts. However, the voter circuit 
21 will continue to produce the correct output since the 
transistors 36 and 40 or the transistors 46 and 50 will 
continue to operate properly. If one of the resistive 
elements in the resistive network 54 becomes of a higher 
or lower resistance, the only affect will be to change the 
overall resistance of the combination which will have 
no effect on the voter circuit as a whole. 
FIG. 4 illustrates the clock circuit network 22 of the 

present invention. The clock circuit network 22 in 
cludes a voter circuit 67 which receives inputs from a 
counter 68, a counter 70 and a counter 72. The voter 
circuit 67 may be identical to the voter circuit 21 previ 
ously described. The counter 68 receives the CLOCK 
output 18 from the computational device 12, the 
counter 70 receives the CLOCK output 19 from the 
computational device 13 and the counter 72 receives the 
CLOCK output 20 from the computational device 14. 
The counters 68, 70 and 72 will generate an output after 
receiving a speci?ed number of clock pulses from the 
computational device. Each of the counters 68, 70 and 
72 are set to generate an output after receiving the same 
number of clock pulses. The output of the voter circuit 
67 is connected to a clear input “C” of each of the 
counters 68, 70 and 72. The output of the voter circuit 
67 also provides a SYNC output from the clock circuit 
network 22 which is fed to each of the computational 
devices 12, 13 and 14 as illustrated in FIG. 1. 
FIG. 5 is a time chart illustrating the outputs of the 

counters 68, 70 and 72 and the SYNC output of the 
clock circuit network 22. After the speci?ed number of 
clock pulses are received by the counter 68 an output 
will be generated at time A. Counter 72 will generate an 
output after receiving the same number of clock pulses 
as illustrated at time B. At time C, the inputs to the 
voter circuit 67 from the counter 68 and counter 72 will 
both be high; thus, as hereinbefore described, the voter 
circuit 67 will generate an output. At time D, the output 
of the voter circuit 67 will be received by each of the 
counters and will cause the counters to be reset. The 
output of the counters will then go low and thus the 
output of the voter circuit 67 will also go low as illus 
trated at time B. At time F, as shown by a phantom line, 
the counter 76 would have generated an output after 
having received the speci?ed number of clock pulses. 
However, since the counter 76 also received the clear 
input, no output is generated. Thus, the clock circuit 
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6 
network 22 may be used to synchronize the DATA 
output from each of the computational devices. 
FIG. 6 is an illustration of an adaptation of the voter 

circuit 21 in a fault detection circuit referred to by the 
general reference numeral 74. The fault detection cir 
cuit 74 includes the computational devices 12, 13 and 
14. Each of the computational devices is connected to 
the voter circuit 21. The output of the voter circuit 21 
is fed to each of the computational devices 12, 13 and 
14. Each of the computational devices 12, 13 and 14 also 
receives the outputs from the other two computational 
devices. The computational device 12 will compare by 
computer program the inputs received from each of the 
computational devices 13.and 14 to the input received 
from the voter circuit 21. A difference in the inputs 
indicates the occurrence of a fault in the computational 
device 13 or 14. Likewise, the computational devices 13 
and 14 will compare the inputs from each of the other 
computational devices to the input from the voter cir 
cuit 21. 
FIG. 7 illustrates an alternative embodiment of a 

voter circuit in accordance with the present invention 
and referred to by the general reference numeral 76. 
The voter circuit 76 receives the data output 15 from 
the computational device 12, the data output 16 from 
the computational device 13 and the data output 17 
from the computational device 14. The data output 15 is 
fed to an inverter 78, the data output 16 is fed to an 
inverter 80, and the data output 17 is fed to an inverter 
82. The inverters 78, 80, and82 will invert the logical 
value of the input so that where the input is ?ve volts, 
the output will be zero volts and vice versa. The output 
of the inverter 78 is fed to a resistor 84 which is con 
nected to the base of a PNP transistor 86. Also con 
nected to the base of the transistor 86 is a resistor 88 
whichv is also connected to a positive voltage source 
V+. The emitter of the transistor 86 is connected to the 
positive voltage source‘V+. The collector of the tran 
sistor 86 is connected to the emitter of a PNP transistor 
90. The output of the inverter 82 is fed to a resistor 92 
which is connected to the base of the transistor 90. A 
resistor 94 is connected to the voltage source V+ and 
to the base of the transistor 90. The collector of the 
transistor 90 is connected to anioutput terminal 96. 
The output of the inverter 80 is connected to a resis 

tor 98 which is also connected to the base of a PNP 
transistor 100. The resistor_~102 is connected to the volt 
age potential V+ and to the'base of the transistor 100. 
The emitter of the transistor 100 is connected to the 
voltage potential V+. The collector of the transistor 
100 is connected to the emitter of a PNP transistor 104. 
The output of the inverter 82 is fed to a resistor 106 
which is connected to the base of the transistor 104. A 
resistor 108 is connected to the voltage potential V+ 
and to the base of the transistor 104. The collector of the 
transistor 104 is connected to the output terminal 96. 
The output of the inverter 82 is fed to a resistor 110 

which is connected to the base of a PNP transistor 112. 
A resistor 114 is connected to the voltage potential V+ 
and to the base of the transistor 112. The emitter of the 
transistor 112 is connected to the voltage potential V+. 
The collector of the transistor 112 is connected to the 
emitter of a PNP transistor 116. The output of the in 
verter 78 is fed to a resistor 118 which is connected to 
the base of the transistor 116. A resistor 120 is con 
nected to the voltage potential V+ into the base of the 
transistor 116. The collector of the transistor 116 is 
connected to the output terminal 96. 
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A resistive network 122 is connected to the output 
terminal 96. The resistive network 122 includes a resis 
tor 124 and a resistor 126 connected in series between 
the output terminal 96 and a voltage potential V— and 
also includes a resistor 128 and a resistor 130 connected 
in series between the output terminal 96 and the voltage 
potential V——. 
The operation of the voter circuit 76 is believed to be 

as follows. Assume the data input on lines 15 and 17 is 
five volts. The output of inverters 78 and 82 will there 
fore be Zero volts. Thus, no signal is fed from the in 
verter 78 to the base of the transistor 86 or from the 
inverter 82 to the base of the transistor 90. The voltage 
potential at the base of the transistor 86 will be below 
V+ due to the voltage drop across the resistor 88. 
Under this condition, the PNP transistor 86 will be on 
and current will flow from the emitter. Also, the volt 
age potential at the base of the PNP transistor 90 will be 
below V+, while the voltage potential at the collector 
is at V+. Thus, current will also flow through the 
transistor 90 and the voltage potential at the output 
terminal 96 will be V+. Therefore, an output at the 
terminal 96 of V+ indicates inputs on lines 15 and 17 of 
?ve volts. 
On the other hand, if the inputs on lines 15 and 17 to 

the inverters 78 and 82, respectively, are zero volts, the 
output of the inverters 78 and 82 will be ?ve volts. 
Thus, the voltage potential at the base of the transistors 
86 and 90 will be above the reference potential V+ and 
thus the transistors 86 and 90 will be off and no current 
will flow through them. In this situation, the voltage at 
the output terminal 96 will be V—. Thus, an output at 
the terminal 96 of V—~ indicates inputs on the lines 15 
and 17 of zero volts. 
The operation of the transistor pair 100 and 104 and 

the transistor pair 112 and 116 will be the same as the 
operation of the transistor pair 86 and 90. The voter 
circuit 76 will have the same fault tolerant features as 
the voter circuit 21 of the previously described embodi 
ment. The voter circuit 76 is an improvement of the 
voter circuit 21 in that the outputs at the terminal 96 
will be a solid V+ or V-— rather than close to the 
reference potentials as is exhibited in the operation of 
the voter circuit 21. 
The fault-tolerant computational system 10 of the 

present invention provides a highly reliable data output 
by comparing the outputs of three computational de 
vices in the voter circuit 21 which will generate an 
output that agrees with two or more of the inputs. Thus, 
a failure of one of the computational devices will be 
masked. In addition, a failure of one of the components 
in the voter circuit 21 will not of itself cause an incor 
rect output from the voter circuit 21. The clock circuit 
network 22 assures that the computational devices will 
operate synchronously and output data to the voter 
circuit 21 at the same time. Finally, the voter circuit 21 
may be adapted to the fault detection circuit 74 which 
will indicate the occurrence of a fault in any one of the 
computational devices. 
Although the present invention has been described in 

terms of the presently preferred embodiment, it is to be 
understood that such disclosure is not to be interpreted 
as limiting. Various alterations and modi?cations will 
no doubt become apparent to those skilled in the art 
after having read the above disclosure. Accordingly, it 
is intended that the appended claims be interpreted as 
covering all alterations and modi?cations as fall within 
the true spirit and scope of the invention. 
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I claim: 
1. A fault-tolerant computation system comprising: 
a plurality of computational devices producing bi 

nary data output signals; and 
a voter circuit having an input connected to each of 

the computational devices to receive the data out 
put signals of the devices and adapted for produc 
ing an output which agrees with a majority of the 
binary input data signals received from the compu 
tation devices; wherein: 

each computational device receives the output from 
the voter circuit and each of the other computa 
tional devices, whereby a disagreement between 
the voter circuit and one of the computational 
devices may be detected. 

2. A fault-tolerant computational system comprising: 
a plurality of computational devices producing bi 

nary data output signals and clock pulses; 
a voter circuit having an input connected to each of 

the computational devices to receive the data out 
put signals of the devices and adapted for produc 
ing an output which agrees with a majority of the 
binary input data signals received from the compu 
tational devices; and 

a fault detection device for receiving the outputs 
from the voter circuit and each of the computa 
tional devices whereby a disagreement between the 
voter circuit and one of the computational devices 
may be detected. 

3. The fault-tolerant computational system of claims 1 
or 2 adapted for three computational devices, wherein: 

the voter circuit includes three pairs of electronic 
control valves with each of said control valves 
within each pair connected in series, and the three 
pairs connected in parallel, and each of said elec 
tronic control valves connected to receive an input 
from one of the computational devices such that 
each of said pairs of electronic control valves re 
ceives a different combination of inputs from the 
computational devices, and including a resistive 
network connected to the three pairs of electronic 
control valves. 

4. The fault-tolerant computational system of claims 
3, 1 or 2, wherein: 

the computational devices produce clock pulses; and 
further comprising: 

a clock circuit connected to each of the computa 
tional devices for receiving said clock pulses, the 
output of the clock circuit being connected to each 
of the computational devices for synchronizing the 
output data of the computational devices fed to the 
voter circuit. 

5. The fault-tolerant computational system of claim 4, 
wherein: 

the clock circuit includes a plurality of pulse counters 
with each of said counters connected to receive 
said clock pulses from one of the computational 
devices, and a voter circuit included in the clock 
circuit which receives an output from each of said 
counters and provides an output fed back to each 
of the counters and fed to each of the computa 
tional devices whereby said output resets each of 
said counters and synchronizes the data output 
from the computational devices. 

6. A fault-tolerant computational system comprising: 
a plurality of computational devices producing bi 

nary data output signals and clock pulses; 
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a voter circuit having an input connected to each of 

the computational devices to receive the data out 
put signals of the devices and adapted for produc 
ing an output which agrees with a majority of the 
binary input data signals received from the compu 
tational devices; and 

a clock circuit connected to each of the computa 
tional devices for receiving said clock pulses, the 
output of the clock circuit being connected to each 
of the computational devices for synchronizing the 
output of data of the computational devices fed to 
the voter circuit; 

the voter circuit including sets of electronic control 
valves with each of said control valves within each 
set connected in series, and the sets connected in 
parallel, and each of said electronic control valves 
connected to receive the input from one of the 
computational devices such that each of said sets of 
electronic control valves receives a different com 
bination of inputs from the computational devices, 
and including a resistive network connected to the 
sets of electronic control valves; 

the clock circuit including a plurality of pulse count 
ers with each of said counters connected to receive 
said clock pulse from one of the computational 
devices, and a voter circuit included in the clock 
circuit to receive an output from each of said 
counters and provide an output fed back to each of 
the counters and fed to each of the computational 
devices whereby said output can reset each of said 
counters and synchronize the data output from the 
computational devices; and 

each computational device connected to receive the 
output from the voter circuit and each of the other 
computational devices whereby a disagreement 
between the voter circuit and one of the computa 
tional devices may be detected. 

7. A fault-tolerant computational system comprising: 
a set of three computational devices to produce bi 

nary data output signals; and 
a voter circuit having an input connected to each of 

the computational devices to receive the data out 
put signals of the devices and adapted for produc 
ing an output which agrees with a majority of the 
binary input data signals received from the compu~ 
tational devices; 

the voter circuit including three pairs of electronic 
control valves with the two electronic control 
valves in each pair connected in series, and the 
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10 
three said pairs connected in parallel, and each of 
said control valves connected to receive an input 
from one of the computational devices such that 
each of said pairs of electronic control valves can 
receive a different combination of two inputs from 
differing respective pairing of the three computa 
tional devices, and in a manner such that no two 
electronic control valves which constitute such a 
pair have their respective inputs connected to the 
same computational device, and including a resis 
tive network connected to the three pairs of elec 
tronic control valves; whereby whenever at least 
two of the computational devices produce an iden 
tical output, one of thepairs of electronic valves 
will have the two valves in that pair connected to 
the respective outputs of the two computational 
devices producing identical outputs, and thereby 
cause the two electronic valves in said pair to attain 
the same state as to being either on or off, and thus 
result in an output voltage across the resistor net 
work corresponding to the state of said electronic 
valves. 

8. A fault-tolerant computational system comprising: 
a plurality of computational devices for producing 

binary data output signals and clock pulses; 
a voter circuit having an input connected to each of 

the computational devices to receive the data out 
put signals of the devices and adapted for produc 
ing an output which agrees with the majority of the 
binary input data signals received from the compu 
tational devices; and 

a clock circuit connected to each of the computa 
tional devices for receiving said clock pulses, the 
output of the clock circuit being connected to each 
of the computational devices for synchronizing the 
output of data of the computational devices fed to 
the voter circuit; 

the clock circuit including a plurality of pulse count 
ers with each of said counters connected to receive 
said clock pulses from one of the computational 
devices, and a second voter circuit, included in the 
clock circuit, to receive an output from each of said 
counters and provide an output fed back to each of 
the counters and fed to each of the computational 
devices whereby said output of the voter circuit 
can reset each of said counters and synchronize the 
data output from the computational devices. 

* * * * >l= 


